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TITLE OF THE INVENTION 

ELECTRO -STATIC CHUCKING MECHANISM AND SURFACE PROCESSING 
APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] The invention of this application relates to an 
electro- static chucking (ESC) mechanism for chucking an object 
electro-statically on a chucking surface. Especially, this 
invention relates to such an ESC mechanism having heat - exchange 
function to the object as one that is incorporated into a surface 
processing apparatus . 

[0 0 0 2] The electro- static chucking technique is widely used 
for automatically Vol ding location of an ob j ec t without damage . 
Especially, variousV kinds of surface processing apparatuses 
utilize the electro - static chucking technique toholda substrate 
s the obj ect at a certaiia position . The electro - static chucking 
echanism usually compri^s a ESC stage on which the object is 
chucked, and a chucking po^er source to apply voltage to the 
ESC Fit^^P. chucking the dbject. The ESC stage. |$ :^OUg?ity 

composed of a main body, a dielectric block fixed with the main 
body, and a couple of chucking elNectrodes provided within the 
dielectf xc bloc5k . Static elec tricityyis induced on the dielectric 
block by voltage applied to the chucking electrodes, thereby 



schucking th"^ object. 
[0 0 0 3] Such the electro - static chucking mechanism sometimes, 
has heat - exchange function between the obj ect and the ESC stage . 
Surface processing apparatuses, for example, often employ the 
structure that a heater is provided within the ESC stage, or 
coolant is circulated through the ESC stage, for controlling 
temperature of the obj ect in a specific range during the process . 
For the temperature control of the object, the heater is usually 
negative feedback controlled. The coolant is maintained at a 
specific low temperature. 

[0 0 0 4] In such the temperature control, there arises the 
problem that accuracy or efficiency of the temperature control 
decreases , when heat exchange between the ESC stage and the obj ect 
is insufficient. Particularly in the surface processing 
apparatuses, the object is sometimes processed under vacuum 
environment within a process chamber. Minute gaps exist between 
the ESC stage and the object because those interfaces are not 
completely flat. The heat exchange through the gaps is very poor 

because Lhuye — arre — a^fe — vacuum p-rfafianre , Therefore, t he heat 

exchange efficiency between the ESC stage and the object is lower 
than the case those are at the atmosphere. 

[0 0 0 5] To solve this problem, a kind of surf ace~processing - 
apparatuses employs the structure that heat - exchange gas is 



introduced between the ESC stage and the object. The surface 
of the ESC stage, which is the chucking surface, has a shallow 
concave. Here, "chucking surface" in this specification means 
the surface of the side at which the object is chucked. Not always 
the object is chucked on the whole area of the chucking surface. 
The opening of the concave is shut with the chucked object. The 
ESC stage has a gas - introduction channel, through which the 
heat - exchange gas is introduced into the concave. 
[0 0 0 6] In the above - described ESC mechanism, depth of the 
concave is preferably small. In the concave, the heat - exchange 
gas molecules need to travel between the bottom of the concave 
and the object for the heat exchange. If the concave is deeper, 
the gas molecules must travel longer, making possibility of 
dispersion by mutual collision higher. As a result, the 
heat - exchange efficiency decreases . 

[0 0 0 7] On the otHer hand, the heat - exchange gas is introduced 
into the concave from t^e outlet of the gas - introduction channel , 
which is provided on the bottom of the concave . The heat - exchange 
gag rtT I *itu*jw . i i I ri-ir-or'A-ioTip p arallel to the chucking surface. 



filling the concave. To fill the concave with the heat - exchange 
gas uniformly, conduc tanceXof the heat - exchange gas along the 
diffusion directions needs toybe high enough. However, -when_the 
concave is shallower, the conductance of the heat - exchange gas 



may decrease \ Therefore , the heat - exchange gas cannot diffuse 
uniformly, resXilting in that pressure in the concave becomes 
out of uniform along the directions parallel to the chucking 
surface. This leaas to temperature non - uni f ormi ty of the object 
along those directions . This often means, in the surface 
processing apparatukes , which the process of the object becomes 
out of uniform. \ 

SUMMARY OF THE INVENTION 

[0 0 0 8] Object of this invention is to solve the problems 
described above . 

[0 0 0 9] To accomplish this object, the invention presents 
an ESC meclianism for chucking an object electro-statically on 
a chucking surface, comprising a stage having a dielectric block 
of which surface is the chucking surface, and a chucking electrode 
provided in the dielectric block, A temperature controller is 
provided on the stage for controlling temperature of the object. 
A chucking power source to apply voltage to the chucking electrode 
jg pT-oviH<=*H UM M i ^t - Mnn rti^jor'i- -i g r ^'h ucked. The ch ucking surface 
has concaves of which openings are shut by the chucked object. 
A heat - exchange gas introduction system that introduces 
heat - exchange gas into the concaves is provided . The concaves 
include a heat - exchange concave for promoting heat - exchange 



between the stage and the object under increased pressure, and 
a gas - diffusion concave for making the introduced gas diffuse 
to the heat - exchange concave . The gas - diffusion concave is deeper 
than the heat - exchange concave. 

[0010] Further to accomplish the object, the invention also 
presents a surface processing apparatus, comprising a process 
chamber in which a surface of an object is processed, and the 
electro - static chucking mechanism of the same composition. 

BRIEF DESCRIPTION OF DRAWINGS 

[0011] Fig. 2 is a front cross - sectional view schematically 
showing an elective - static mechanism of the embodiment of the 
invention . 

Fig. 2 is a plane vi)ew of the ESC stage 2 shown in Fig.l 
Fig. 3 is a side crosss - sec tional view on A-A shown in Fig. 2, 
explaining the concaveV convex configuration on the chucking 
surface of the ESC s tagA 2 . 

Fig. 4 is a side cross - sectional view on B-B shown in Fig. 2, 



expiaxning the concav e — r^omA^v r«rM^ f i guration on the chucking 

surface of the ESC stage 2. 

Fig. 5 is a side cross - sec tionAl view on C-C shown in Fig. 2, 

explaining the concave -convex cc^nf iguration on~ the chucking 

surface of the ESC stage 2. 



Fig. 6 is a schematic plane cross - sectional view explaining 
the configuration of the cooling cavity 200 within the main body 
21 . 

Fig . 7 d,s a schematic front cross - sectional view of a surface 
processing apparatus of the embodiment of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0012] The preferred embodiments of the invention are 
described as follows. 

[0 0 1 3] The ESC mechanism shown in Fig.l comprises an ESC 
stage 2 of which surface is the chucking surface, and a chucking 
power source 3 to apply voltage so that the obj ect can be chucked . 
The ESC stage 2 is roughly composed of a main body 21, a dielectric 
block 22 fixed with the main body 21, and a couple of chucking 
electrodes 23 , 23 provided in the dielectric block 22 . 
[0014] The main E\pdy is made of metal such as stainless steel 
or aluminum. The diel>^ctric block is made of dielectric such 
as alumina. A sheet 29 maMe of eutectic alloy including indium, 

ir 1 ow-nif^l h-inq-poirtr m i\w ^ . . 1 u t nnm-hrtrl >^r>t-u70or| f m ^ Ti 

21 body and the dielectric block 22. The sheet 29 is to enhance 
heat transfer by filling the gap between the main body 21 and 
the dielectric block 22. The chi^cking electrodes 23,23 are the 
boards provided in parallel to \he chucking surface. It is 




preferable that Configuration and arrangement of the chucking 
electrodes 23,23 ^re symmetrically coaxial with the center of 
the ESC stage 2 . 
[0015] What inuch characterizes this embodiment is in 
configuration of thfe chucking sTT-far*p of the ESC stage 2. This 
point is described using Fig.l to Fig. 5 as follows. Though the 
chucking surf ace of th^ESC stage2 appears flat inPig.l, actually 
it has concave - convex \configuration . Fig. 2 shows a plane view 
of this conf iguratiom. Fig3, Fig . 4 and Fig. 5 show a side 
cross - sectional conf iguoration of the chucking surface in detail . 
Fig. 3 is the cross - sec ti\on on A-A shown in Fig. 2. Fig. 4 is the 
cross - section on B-B showVi in Fig. 2. Fig. 5 is the cross - sec tion 
on C-C shown in Fig. 2. The upper surface of the dielectric block 
22 corresponds to the chucking surface. As shown in Fig.l, the 
dielectric block 22 protrukes upward as a whole. The object 9 
is chucked on the top of the pritrusion . Therefore, the top surface 
of the protrusion is the chucking surface. 

[0 0 16] As shown in Fig.2,\ the plane view of the chucking 



surface is r i mil nr n vrhn I r V i' I i l" i r hjnnt Q in ri ^rnu^ as well , 



having nearly the same radius\ as the chucking surface. The 
dielectric block 22 has a circumferential convex 24 along the 
outline of the circular chuckimg surface. The convex 24 is 
hereinafter called "marginal conveVc" . Inside the marginal convex 



24, many small column - shaped convexes 25 are formed. Each of 
the convexes 25 is hereinafter simply called "column convex". 
As shown in Fig. 3, theXtop surface of the marginal convex 24 
and the top surface of eVch column convex 25 are the same in 
height. When chucked, theVobject 9 is in contact with both of 

I the top surfaces. Therefor^ in this embodiment, the chucking 
surface is composed of the to^p surface of the marginal convex 
24 and the top surface of each iolumn convex 25. When the object 
9 is chucked, the concave 26 formed of the marginal convex 24 
and the column convexes 25 is OTiut by the object 9. 
[0 0 17] The concave 26 formed of the marginal convex 24 and 
the column convexes 25 is the one for promoting the heat exchange 
between the ESC stage 2 and the object 9. This concave 26 is 
hereinafter called "heat - exchange concave" . What characterizes 
this embodiment is that another concave 27 is provided in addition 
to the heat - exchange concave 26 so that the heat - exchange gas 
can diffuse efficiently to be introduced uniformly into the 
heat-exchange concave 26. The concave 27 is hereinafter called 

"gas -diffusion concave" . — — 

[0 0 1 8] As shown in Fig. 2, the gas -diffusion concave 27 is 
composed of spoke - 1 ike - shaped trenches 271 radiate from the 
center of the ESC stage 2, and trenches 272 which are 
circumferential and coaxial with the ESC stage 2. Each trench 




271 is hereinafter called "radiate part", and each trench 272 
is hereinafter called "circumferential part". The most outer 
circumferential part 272 is provided just inside the marginal 
convex 24 . 

[0 0 19] As si^wn Fig. 3 to Fig. 5, the gas - di f fusion concave 
27 is deeper \than the heat - exchange concave 26. A 
gas - introduction channel 20 is provided at the position where 
its outlet is at tne bottom of the gas -diffusion concave 27. 
The gas - introduction channel 20 is lengthened perpendicularly 
to the chucking surf ace . In thi s embodiment , the gas - introduction 
■phannel is split into\four, having four outlets. As shown in 
J'ig.2, the four outlets are located at every 90 degree on the 
second outer circumf erencial part 272 . As understood from Fig . 2 
and Fig . 4 , diameter of the outlet of the gas - introduction channel 
is a little larger than widVh of the gas - diffusion concave 27. 
[0 0 2 0] As shown in Fig.l, the ESC mechanism comprises a 
heat - exchange gas introduction system 4. The heat - exchange gas 
introduction system 4 is composed of a gas - introduction pipe 
41 (L^oii in^L Lh J winh ttho in1 f =*t- nf ^ hp* qa ^ - in troduc t ion channel 20, 



agasbomb (not shown) connected wi th the gas - introduction pipe4 1 , 
a valve 42, a mass-flow controller (not shown) and a filter (not 
shown) provided on the gas - introduc tioh pipe 41 , and- other 
components. As the heat - exchange gas, helium is adopted in this 



embodiment. 

[0 0 2 1 ] The ESC stage 2 comprises a temperature controller 
5 that controls temperature of the object 9, cooling the object 
9. The temperature controller 5 circulates coolant through a 
cavity 200 within the ESC stage 2. The cavity 200 is provided 
with the main body 21 . As shown in Fig . 6 , the cavity 200 is snaked 
so that the ESC stage can be cooled uniformly. One end of the 
cavity 200 is the coolant inlet 201, and the other end of the 
cavity is the coolant outlet 202. A coolant introduction pipe 
52 is connected with the coolant inlet 2 01, and a coolant drainage 
pipe 53 is connected with the coolant outlet 202. A circulator 
54 is provided. The circulator 54 feeds the coolant flowing out 
of the coolant outlet 202 to the coolant inlet 201 through the 
coolant introduction pipe 52 after cooling down the coolant at 
the specific temperature. Because the cooled coolant flows 
through the cavity 2 00 , the ESC stage 2 is maintained at a specific 
low temperature as a whole. As a result, the object 9 is cooled 
as well . 

[0 0 2 — 2-^ No3ct , — ^r^'^^i'^ t" '^n the ESC mech anism of this 

embodiment is described. First, the object 9 is placed on the 
ESC stage 2. The center axis of the object 9 and the center axis 
of the ESC stage 2 are maTde ccDrrespond* to each -other-. In this 
embodiment, the outline of the protrusion of the dielectric block 
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22 and the outline of the object 9 correspond to each other as 
well. The inside space of the marginal convex 24 is shut by the 
object 9, thereby forming closed space. "Closed space" means 
space essentially having no opening other than the outlet of 
the gas - introduction channel 20. 

[0 0 2 3] Afterward, the chucking power source 3 is operated 
to apply voltage to the chucking electrodes 23,23. As a result, 
static electricity is induced on the chucking surface, thereby 
chucking the object 9 electro-statically. The chucked object 
9 is cooled because the temperature controller 5 has been operated 
in advance. In addition, the gas - introduc tion system 4 is 
operated to introduce the heat - exchange gas into the concaves 
26,27. As a result, the object 9 is cooled efficiently because 
pressure in the concaves 26,27 is increased. 

[0 0 2 4] In removing the object 9 from the ESC stage 2, the 
operation of the chucking power source 3 is stopped after the 
operation of the gas - introduc tion system 4 is stopped. Then, 
the object 9 is removed from the ESC stage 2 . If residual charges 
on i-hA ^ ' i iiii' Tc inrymn-fanf^r'anQpf t - rouble, oppo s i t ely bias ing vol tag e 
is applied to the chucking electrodes 23,23, thereby promoting 
vanishment of the residual charges. 

[0 0 2 5 ] In the ESC mechanism of the "above -described 
embodiment , temperature of the ob j ect 9 can be maintained highly 
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uniform without making the heat - exchange efficiency decrease, 
because the gas - diffusion concave 27 is provided in addition 
to the heat-exchange concave 26. If there is only the 
heat - exchange concave 26, conductance of the heat - exchange gas 
becomes small, resulting in that pressure in the heat - exchange 
concave 26 becomes out of uniform because the heat - exchange gas 
is not supplied uniformly enough in the heat - exchange concave 
2 6 . Therefore, temperature of the obj ect 9 becomes out of uniform 
as well. To solve this problem, the heat - exchange concave 26 
may be deeper, i.e. the height of the marginal convex 24 and 
the column convexes 25 may be higher. However, if the 
heat - exchange concave 26 is made deeper, the heat - exchange gas 
molecules need to travel longer distance, making the 
heat - exchange efficiency lower. 

[0 0 2 6] Contrarily in this embodiment, the heat - exchange gas 
initially reaches to the gas - diffusion concave 27. Then, the 
heat - exchange gas is introduced into the heat - exchange concave 
26, diffusing in the gas - diffusion concave 27. Because the 
qaR-fnrrngir>nr'.irtr! >tui-':^7 | rTrlnnpQ•r^h;^n^-hg>]|^ g> at - exchange co ncave 
26, conductance in the gas - diffusion concave 27 is higher than 
the heat - exchange concave 26. Therefore, the heat - exchange gas 
is introduced into the heat - exchange concave 2 6' efficiently , 
thereby increasing pressure in the heat - exchange concave 26 
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efficiently. This is why temperature of the object 9 can be 
maintained highly uniform without reducing the heat - exchange 
efficiency. 

[ 0 0 2 7 J Next, using Fig. 3 and Fig. 4, sizes of the 
heat-exchange concave 26 and the gas -diffusion concave 27 are 
described. The height h of the marginal convex 24 and the column 
convex 25 is preferably about 1 to 20 Um. When the height h is 
over 20 Um, the heat - exchange gas molecules need to travel longer 
distance for the heat exchange as described, reducing the 
heat - exchange efficiency. When the height h is below IMm, 
conductance in the heat - exchange concave 26 decreases much, 
making temperature of the object 9 out of uniform. Concretely, 
pressure in the heat - exchange concave 26 is higher at a region 
near the gas -diffusion concave 27, and lower at a region far 
from the gas-diffusion concave 27 because of shortage of the 
gas molecules. As a result, temperature of the object 9 becomes 
out of uniform as well. 

[0 0 2 8] Prudeht consideration is necessary for amount area 
of the top surfaces ot tne margin cil cuiivcx 24 and thp rnlumn 
convexes 25 with respect to obtaining sufficient chucking force . 
Area of the object 9 in^contact with the ESC stage 2 when chucked 
is hereinafter called Vcontact area". The whole surface area 
of the object 9 facing toVthe ESC stage 2 is hereinafter called 
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"whole faqing area" . The ratio of the contact area to the facing 
area is hereinafter called "area ratio". Generally speaking, 
the area ratio is preferably 3 to 20 %. In this embodiment, when 
the top surface area of the marginal convex 24 is SI, the top 
surface arealof each column convex is S2, the whole facing area 
is S3, and th\e number of the column convexes 25 is n, then the 
area ratio R,l which is 
R= { (Sl + S2-n) /te3} -10 0, 
would be prefeitably 3 to 20 %. 

[0 0 2 9] If the area ratio R is small, the whole chucking force 
becomes week because the surface area on which charges are induced 
is reduced. If the area ratio is below 3% in case that pressure 
in the heat - exchange concave 26 is increased for the good 
heat-exchange, it is required to chuck the object 9 with very 
high voltage, which is unpractical and difficult. On the other 
hand, the area ratio R is increased over 20%, the heat - exchange 
concave 26 is made too small, losing the effect of the 
heat-exchange efficiency improvement by the high - pressure 

heat-exchange concave 26. 

[0 0 30] Sizeof the gas - diffusion concave 2 7 needs prudential 
-consideration as well with respect to obtaining the sufficient 
heat - exchange efficiency. If size of the gas -diffusion concave 
27 is enlarged much, the sufficient heat - exchange cannot be 



t 



obtained, because it is the space to enhance the gas - diffusion 
efficiency, sacri f icing the heat - exchange efficiency . With this 
respect, when area of the gas - diffusion concave 27 along the 
chucking surface is S4, which is hereinafter simply called 
"cross - sectional area", S4 is preferably 30% or less against 
the whole area of the chucking surface, which corresponds to 
the area S3 of the bottom surface of the object 9. The 
^ cross - sectional area S4 is amount of eight radiate parts 271 

g and three circumferential parts 272. 

i 

=y [0 0 3 1] Contrarilly, the cross - sectional area S4 is made too 

L small, it is impassible to obtain the effect of the 

^ gas - introduction uniformity by increasing the conductance. 

□ Generally, conduc tance\of gas is proportional to area of cross 

section perpendicular toViif fusion direction . In this embodiment, 
^ the smaller cross - sec tidnal area S4 means that width of the 
gas - diffusion path is made narrow, resulting in that the 
conductance is reduced. \ Considering this point, the 
cross - sectional area S4 is preferably 5% or more against the 
YTh^l^ H r ^ri "f rh'^ '^hurkin a stirface- If S4 is over 30% against 



the whole area of the chucking surface, the heat - exchange 
efficiency may decrease too muAh, because it means the area of 
the heat - exchange concave 26 Ib " made -too— small _ r.elatively . 
Therefore, S4 is preferably 30% o\ less against the whole area 
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of the chucking surface. The whole area S of the chucking surface 
is; 

S=Sl+S2-n+S4+S5=S3 

[0 0 3 2] 'Depth of the gas - diffusion concave 27, which is 
designated by "d" in Fig. 3, is preferably 50 to lOOOWm. If the 
depth d is below 50 Mm, the effect of the temperature uniformity 
is not obtained sufficiently, because the conductance in the 
gas - diffusion concave 27 can not be made higher enough than the 
heat-exchange concave 26. If the depth d is over 1000 Mm, the 
conductance may increase excessively. Under the excessively high 
conductance, it is difficult to make pressure in the 
heat-exchange concave 26 high enough, bringing the problem that 
the heat-exchange efficiency is not improved sufficiently. 
[0 0 3 3] In the described operation of the ESC mechanism, the 
heat - exchange gas is\ preferably confined within the concaves 
26,27. If the heat - exchange gas is not confined, it means that 
the object 9 floats up\ f rom the chucking surface by pressure 
of the heat- exchange gas\ If such the float-up takes place, chuck 
of the obj ect 9 becomes unsttaJDle . Aoaitionaliy , the hea L - tsxuhauy t; 
efficiency is made worse because heat contact of the ESC stage 
2 and the object 9 becomes insufficient. Therefore, it is 
preferable to introduce the neat exchange gas as far as it does 
not leak out of the concaves 2\6,27, or to control pressure of 




the heat - exchangee gas so that the gas leak can be limited within 
ringing no matt( 

[0034] Next, the embodiment of the surface processing 
apparatus of the invention is described using Fig. 7. Fig. 7 is 
a schematic front cross - sec tional view of a surface processing 
apparatus of the embodiment of the invention. This embodiment 
of the surface processing apparatus comprises the 
above-described ESC mechanism. Though the above described ESC 
mechanism can be utilized for various kinds of surface processing 
apparatuses, an etching apparatus is adopted as an example in 
the following description. Therefore, the apparatus shown in 
Fig. 7 is the etching apparatus. 

[0 0 3 5] Concretely, the apparatus shown in Fig. 7 is roughly 
composed of a process chamber 1 comprising a pumping system 11 
and a process -gas introduction system 12, the ESC mechanism 
holding the object 9 at a position in the process chamber 1, 
and a power supply system 6 for generating plasma in the process 
chamber 1, thereby etching the object 9. 

I 0 0 3 C J Tli^ pr nt - Hi^.S ijllHmh^l" 1 in ^ho i lr•^igV^^ -irar^mim ^h i =>TnV>g^r'^ 

with which a load- lock chamber (not shown) is connected 
interposing a gate valve (not shown) . The pumping system 11 can 
pump the process chamber 1 down to a specific vacuum pressiire 
by a turbo -molecular pump or diffusion pump. The process-gas 
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introduction system 12 comprises a valve 121 and a mass- flow 
controller 122. The process-gas introduction system 12 
introduces fluoride gas such as tetra fluoride, which has the 
etching effect, at a specific flow rate. 

[0 0 3 7] Composition of tb?^ viP.r mechanism is essentially the 
same as the described one . The ESC stage 2 is provided air - tightly 
shutting an opening of the process chamber 1 interposing the 
insulationmember 13 . In this embodiment , lift pins 7 are provided 
within the ESC stage 2 for receiving and passing the object 9. 
Each lift pin 7 is arranged uprightly, being apart at the equal 
degree on a circumference coaxial with the ESC mechanism. In 
this embodiment, not to make structure of the ESC stage 2 
complicated, eachliftpin7 is provided in each gas - introduction 
channel 20. Therefore, the number of the lift pins 7 is four. 
[0 0 3 8] The bottom of each lift pin 7 is fixed with a baseboard 
7 1 posing horizontally . A linear -motion mechanism 72 is provided 
with the baseboard 71 . The linear-motionmechanism 72 is operated 
to lift up or down the four lift pins 7 together. The 
CFR'^-iT H MMlnrt"inn ^h n nnp l ?d h as a side h ole through which the 
heat - exchange gas introduction system 4 introduces the 
heat - exchange gas, A seal member 73 such as a mechanical seal 
is provided at the bottom opening of the gas - introduction channel 
20, allowing the up-and-down motion of the lift pins 7. 
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[0039] The power supply system 6 is roughly composed of a 
process electrode 61 provided in the process chamber 1, a holder 
62 holding the process electrode 61, a process power source 63, 
and other components. The process electrode 61 is the short 
cylindrical member, which is provided in coaxial with the ESC 
stage 2 . The holder 62 penetrates airtightly through the process 
chamber 1, interposing an insulation member 14. The process 
electrode 61 is commonly used as the member for introducing the 
process gas uniformly. Many gas -effusion holes are formed 
uniformly on the bottom of the process electrode 61. The 
process-gas introduction system 12 feeds the process gas into 
the process electrode 61 via the holder 62. After being stored 
in the process electrode 61 temporarily, the process gas effuses 
uniformly from each gas-effusion hole 611. 

[0 0 4 0] A High- Frequency power source is employed as the 
process power source 63, Here, frequencies between LF (Low 
Frequency) and UHF (Ultra -High Frequency) are defined as HF (High 
Frequency) . When the HF power source applies HF voltage to the 
process electrode f 1 , HF s^harg^ i ^ I 'j ii i ! wi th thp p rocess 
gas, thereby generating the plasma . For example, when the process 
gas is fluoride gas, fluoride radicals or ions are produced in 
the plasma. Those radicals or ions reach to the object 9, thereby 
etching the surface of the object 9. 
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[0041] This embodiment employs a component to apply the 
self-bias voltage to the object 9 for the efficient etching. 
Concretely, the chucking power source 3 is connected with the 
chucking electrodes 23,23 to chuck the object 9. In addition 
to this, a self-bias HF power source 8 is connected with the 
main body 21 made of metal. When the HF field is applied via 
the main body 21 by the self -bias HF pov/er source 8 , the self -bias 
voltage, which is negative direct vol tage , is given to the object 
9 through the mutual reaction of the plasma and the HF field. 
The ions in the plasma are extracted and accelerated to the obj ect 
9 . As a result, the highly efficient etching such as the reactive 
ion etching can be carried out. 

[0 0 4 2] During the etching, the object 9 may suffer thermal 
damage when it is heated excessively by the plasma. For example, 
in case the object 9 is a semiconductor wafer, an element or 
circuit already formed on the object 9 is thermally deteriorated, 
leading to malfunction. To avoid such the problem, the ESC 
mechanism cools the object 9 at a specific temperature during 



the etching. As described, -.iju 11.;^;^ mechanism circulates the 
temperature-controlled coolant, thereby cooling down the object 
-9 through- the ESC_stage_ 2 . In this cool down, because the chucking 
surface of the ESC stage 2 has the gas -diffusion concave 27 in 
addition to the heat - exchange concave 26, not only the cool down 
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is carried out efficiently but also temperature of the object 
9 is maintained highly uniform. Therefore, high uniformity of 
the etching process is also enabled. 

[0043] Though this embodiment employs the temperature 
controller to cool the object 9, another temperature controller 
to heat the object 9 may be employed. In this case, a resistance 
heater or lamp heater is provided with the ESC stage 2. Though 
this embodiment is the twin - electrode type ESC mechanism, the 
sole - electrode type can be employed as well. Even in case of 
the sole - electrode type, the object 9 can be chucked because 
the plasma acts as an opposite electrode. Besides, the 
multi - couple - electrode type where a multiple couple of 
electrodes are provided may be employed. The object 9 can be 
chucked even by applying HF voltage with the chucking electrode, 
when plasma is generated at the space over the object 9. 
[0 0 4 4] Though the etching is adopted as the surface process 
in the above description, this invention can be applied to thin 
film deposition processes such as the sputtering and the chemical 
vapor deposi tion (CVD) , surface denaturalization processes such 
as the surface oxidation and surface nitriding, and the ashing 
process as well . „Beside_a semiconductor wafer, the object 9 may 
be a substrate for a liquid crystal display or a plasma display, 
and a substrate for a magnetic device such as a magnetic head. 
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The ESC mechanism of this 
instrument for analysis , i.e 
as chucking it electro-sta 




invention can be comprised of an 
. an instrument analyzing an obj ect , 
tically . 
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